ABSTRACT. MicroRNA-9 (miR-9) has a well-established role in various tumors; the clinical significance and potential mechanism of miR-9 in human osteosarcoma (OS) has not been elucidated. The aim of this study was to investigate the mechanism and role of miR-9 expression in osteosarcoma cells. miR-9 expression in the OS cell line MG-63 and OS tissues was compared to that in a human osteoblastic cell line (hFOB 1.19) and adjacent normal tissues, respectively, by reverse transcriptase-polymerase chain reaction. miR-9 expression was downregulated by introducing small interfering RNA against miR-9 (si-miR-9) into the cells, and the proliferative, migratory, and invasive capacities of si-miR-9-transfected MG-63 cells were compared to those of control MG-63 cells. miR-9 was significantly upregulated in OS tissues and cell lines compared to the corresponding non-cancerous bone tissues (P < 0.05) and human osteoblastic cell line (P < 0.05), respectively. Upregulated miR-9 expression was also associated with increased cell proliferation (P < 0.05), migration (P < 0.05), and invasion (P < 0.05), and decreased apoptotic ability (P < 0.05). These results suggest that miR-9 may play a pivotal role in tumorigenesis and tumor progression in osteosarcoma.
INTRODUCTION
China) and cultured in complete RPMI 1640 medium (HyClone Laboratories Inc., Logan, UT, USA) supplemented with 10% fetal bovine serum (FBS), 2 mM glutamine, 100 U/mL penicillin, and 100 μg/mL streptomycin at 37°C in a 5% CO 2 atmosphere. The human osteoblastic cell line hFOB 1.19 was cultured in Ham's F12/Dulbecco's modified Eagle's medium (DMEM) (Gibco; Life Technologies, Carlsbad, CA, USA) supplemented with 10% FBS, 100 U/mL penicillin, and 100 μg/mL streptomycin at 33.5°C. Tumor samples and adjacent normal tissues were obtained from 15 patients undergoing surgical resection of OS at the Yuhuangding Hospital. The samples were frozen in liquid nitrogen and stored at -80°C for subsequent RNA extraction immediately after the surgery.
RNA isolation and quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR)
miR-9 expression was detected by qRT-PCR. Total RNA was extracted using a commercial miRNeasy kit (Qiagen, Venlo, Netherlands) according to the manufacturer protocols. The miRNA expression levels were determined using the TaqMan miRNA RT-Real Time PCR kit (Qiagen). Single-strand cDNA was synthesized using the TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA); the synthesized cDNA was amplified using the TaqMan Universal PCR Master Mix together with miRNA-specific TaqMan MGB probes. U6 snRNA was used for normalization. All samples were measured in triplicate, and the experiment was repeated at least thrice.
siRNA and cell transfection
siRNA against miR-9 (si-miR-9) and the negative control siRNA (si-NC) were synthesized by GenePharma (Shanghai, China). Cells in the exponential stage of growth (1.5 x 10 5 ) were cultured overnight on 12-well plates, and subsequently transfected with siRNA or the negative control at a final concentration of 30 nM, using the X-treme GENE transfection reagent (Ambion, Austin, TX, USA). The transfection efficiency was determined 48 h after the transfection by qRT-PCR.
Cell proliferation assay
The cell proliferation rate was analyzed using the Cell Counting Assay Kit-8 (CCK-8) (Dojindo Molecular Technologies, Gaithersburg, MD, USA) according to the manufacturer protocols. Briefly, 5 x 10 3 cells that were starved in serum-free medium for 12 h were transfected with plasmids. The cells were harvested after 24, 48, 72, and 96 h. CCK-8 solution (10 µL) was added to each well, the cells were incubated for 1 h, and the absorbance at 490 nm was measured using an automatic multi-well spectrophotometer (Bio-Rad, Hercules, CA, USA). All experiments were conducted in triplicate.
Cell apoptosis assay
The cells were harvested, re-suspended, fixed, and re-suspended again in staining solution [1 mg/mL RNase A, 50 mg/mL propidium iodide (PI), and 0.1% Triton X-100 in PBS] 48 h after transfection. The stained cells (1 x 10 5 cells/well) were cultured on 6-well plates until a 70-80% confluence was achieved. The apoptotic cell concentration was measured using a flow cytometric PI/Annexin V-fluorescein isothiocyanate (FITC) assay (KeyGEN Biotech. Co., Ltd., Nanjing, Jiangsu, China). At least 30,000 gated events were acquired from each sample. The results are reported as the percentage of apoptotic cells (PI and Annexin V-FITC positive) in the gated cell population. The total apoptotic rate was calculated as the early apoptotic rate plus the late apoptotic rate. The apoptosis rate of lentivirus vector-transfected cells was determined using the Annexin V-PE/7-AAD Apoptosis Detection Kit, using the same protocols. Each experiment was performed in triplicate, and the data are reported as means ± standard deviation (SD).
Transwell insert
A 24-well Transwell insert with a pore size of 8 μm (Corning, Corning, TX, USA) was used to explore the effect of miR-9 on the migration and invasion of MG-63 cells. Cells suspended in RPMI-1640 medium in the absence of FBS were added to the insert. RPMI-1640 medium + 20% FBS was added to each well in the insert. After 48 h, the cells on the lower surface of the insert were fixed with 95% ethanol and stained with crystal violet. The invasiveness of the cells was determined using the migration assay with an additional step: the inserts were pre-coated with 40 µL BD Matrigel (1:3; BD Biosciences, San Jose, CA, USA). Six random visual fields of each insert were subsequently observed under a microscope (40X).
Statistical analysis
Statistical analysis was performed using SPSS (v.15.0) for Windows (SPSS, Inc., Chicago, IL, USA). All data are reported as means ± standard deviation. The data were statistically analyzed by the two-sided chi-square test (categorical variable) or the Student t-test (continuous variable); two-sided statistical significance was set at a P value of 0.05.
RESULTS

miR-9 is over-expressed in OS tissues and cell lines
The miR-9 expression levels in 15 OS patients were determined by qRT-PCR. miR-9 expression was significantly increased in clinical OS tissues, compared to the adjacent normal renal tissues (P < 0.05; Figure 1A ). miRNA expression was also examined (by qRT-PCR) in the OS cell line MG-63 and a normal human osteoblastic cell line hFOB 1.19; miR-9 expression was higher in the OS cell line than in hFOB 1.19 (P < 0.05; Figure 1B ).
si-miR-9 significantly downregulates miR-9 expression in MG-63 cells
The role of miR-9 in human OS cells was further investigated by transfecting miR-9-specific siRNA (si-miR-9) into MG-63 cells, using a non-specific siRNA (si-NC) as the negative control. miR-9 expression was significantly downregulated in cells transfected with si-miR-9 compared to those transfected with si-NC (P < 0.05; Figure 2A ).
Knockdown of miR-9 inhibited cell proliferation
The potential role of miR-9 in proliferation of OS cells was further analyzed by subjecting si-miR-9-transfected MG-63 cells to an MTT assay. The rate of proliferation of cells transfected with si-miR-9 was significantly downregulated compared to the si-NC group (P < 0.05; Figure 2B ).
We then explored the potential mechanism of cell proliferation inhibition by miR-9 knockdown by flow cytometry. MG-63 cells transfected with si-miR-9 for 48 h showed an increase in apoptosis, compared to those in the si-NC group (P < 0.05; Figure 3 ).
Knockdown of miR-9 inhibits cell migration and invasion
The role of miR-9 in the regulation of cell migration and invasion in human OS cells was analyzed by wound healing and transwell invasion assays. The wound healing assay showed that the migratory rate of si-MG-63-transfected MG-63 cells was significantly lower than that of cells transfected with si-NC (P < 0.05; Figure 4) . The results of the transwell invasion assay revealed that the invasive ability of MG-63 cells transfected with si-miR-9 was notably downregulated compared to that of cells transfected with si-NC (P < 0.05; Figure 5 ). 
DISCUSSION
Cancer gene therapy is defined as the treatment of malignant tumors through the introduction of a therapeutic tumor suppressor gene or the abrogation of an oncogene. Therefore, the discovery of miRNA and its functions has led to the introduction of a new dimension to our existing knowledge of signaling molecules and pathways for application in the development of precise therapeutic targeting strategies. Altered miRNA expression impacts human carcinogenesis in a number of human malignancies, and is also involved in the initiation and progression of human cancer; moreover, some miRNA also function as efficient diagnostic and therapeutic tools for cancer (Calin et al., 2002 (Calin et al., , 2005 Volinia et al., 2006; Deng et al., 2008 ). An increasing number of studies have reported that miRNA could function as tumor suppressors or have an oncogenic role in cancer formation, based on its target gene. Tumor-suppressive miRNA generally repress growth-promoting genes, while oncogenic miRNA predominantly target growth-stimulatory genes. Therefore, miRNA may be considered as promising molecular targets for the treatment of human cancers. miRNA alterations have also been reported in osteosarcoma (Song et al., 2010; Lv et al., 2014) . Recent studies have shown that miRNA function as upstream regulators of osteosarcoma growth, indicating the important role of miRNA in osteosarcoma prevention and therapeutics.
In this study, miR-9 expression was analyzed in OS tissues and cell lines, and the role of miR-9 in OS cell proliferation, apoptosis, migration, and invasion was explored. miR-9 was found to be significantly upregulated in OS tissues and cell lines compared to the corresponding noncancerous bone tissues and the normal human osteoblastic cell line, respectively. Uncontrolled cell proliferation and aggressive tumor cell metastasis are two essential steps during cancer progression; the former results in orthotopic tumor growth, while the latter promotes tumor transference to distant sites. Upregulated miR-9 expression was associated with increased cell proliferative, migratory, and invasive ability, and decreased cell apoptosis. miR-9 precursors are encoded by three genes, miR-9-1, miR-9-2, and miR-9-3, located on different chromosomes. These paralogous transcripts give rise to a unique mature miR-9 post-processing. miR-9 was first reported as a proinflammatory signal regulator in monocytes and neutrophils (Bazzoni et al., 2009) . Further studies revealed that miR-9 is one of the most abundant miRNA expressed in the developing brain (Lagos-Quintana et al., 2002) , participating in the proliferation and regulation of migration of neural progenitor cells (Delaloy et al., 2010) . Recent studies have focused on its potential role in malignant diseases. However, miR-9 appears to play different roles in tumor progression in different types of tissues (Hildebrandt et al., 2010) . Other reports have indicated that miR-9 facilitates tumor cell motility and metastasis in some types of cancer such as breast cancer, lung cancer, and hepatocellular carcinoma (Mao et al., 2012; Sun et al., 2013) . However, miR-9 has been reported to function as a tumor suppressor in ovarian cancer, colon cancer, and gastric cancer (Corney and Nikitin, 2008; Guo et al., 2009 ). These results suggest that miR-9 may play pivotal roles in tumorigenesis and tumor progression, and also exert different effects in various types of cancer.
Dysregulation of miR-9 expression in diverse cancers causes multiple effects, including genomic alterations, aberrant transcription, miR gene methylation, and defective miR processing (Calin and Croce, 2006; Ma et al., 2010) . Guo et al. (2009) reported that miR-9 inhibited ovarian cancer cell growth by regulating nuclear factor kappa B1 (NF-κB1) expression. However, Tang et al. (2013) reported that miR-9 might act through the suppression of the talin 1/FAK/Akt pathway. miR-9 has also been demonstrated to improve the chemotherapeutic efficacy against ovarian cancer, as targeted inhibition of miR-9 sensitizes ovarian xenograft tumors to cisplatin and PARP inhibitor (Sun et al., 2013) . miR-9 has also been shown to target CDH-1 mRNA, which downregulated the expression of E-cadherin, thereby increasing the nuclear translocation of β-catenin and enhancing its binding with transcription factors TCF/LEF, in order to upregulate the transcription of genes that facilitate cell proliferation and angiogenesis . Zheng et al. (2013) identified cyclin D1 and Ets1 as new targets of miR-9 in gastric cancer; moreover, they demonstrated that miR-9 suppressed the proliferation, invasion, and metastasis of gastric cancer cells. In this study, miR-9 was found to play an oncogenic role in osteosarcoma; however, the precise mechanism with which miR-9 influences osteosarcoma tumorigenesis and progression remains to be understood.
CONCLUSION
In conclusion, we demonstrated that miR-9 was significantly upregulated in osteosarcoma tissues and cell lines compared to corresponding non-cancerous bone tissues and a normal human osteoblastic cell line, respectively. Upregulated miR-9 expression was also associated with increased cell proliferation, migration, and invasion, and decreased cell apoptosis. These results suggest that miR-9 may play a pivotal role in the tumorigenesis and progression of osteosarcoma.
